In this issue, Geiger and her colleagues (7) provide an excellent and comprehensive database of mRNA abundance and protein expression of myosin heavy chain (MHC) isoforms in the rat diaphragm during a period of rapid growth (i.e., postnatal days [P]-0, 14, 28 and 84 [adult] ). While the authors postulated that changes in mRNA abundance would be followed by concomitant changes in MHC protein expression, this was not the case. For example, by P-28, the abundances of mRNAs for MHC Slow and MHC 2X were largely unchanged, yet significant increments in protein expression of these isoforms were observed. Even expression of the neonatal isoform, MHC Neo (interpreted by the investigators as being consistent with transcriptional control) is complex. Initially, the relative abundance of MHC Neo mRNA increased significantly, while the relative expression of the protein decreased significantly. At P-28, the relative abundance of MHC Neo mRNA was 34% with zero protein expression. Given the highly complex nature of myogenic regulation during development and growth and a multitude of factors impacting on the entire process of MHC protein synthesis and phenotypic expression, these results are not surprising. This editorial will provide a brief overview of these major complexities and hopefully stimulate questions and avenues for future research.
Abundance of a specific mRNA is commonly used as a "measure of transcription". (8, 10) . Thus, conditions, which influence these factors, impact on translation initiations of muscle proteins (e.g., 12). The same signaling pathway has been shown in myoblast cell lines to be important in myoblast differentiation (22) . Thus, a common signaling pathway may influence both transcriptional regulation of myogenesis as well as exerting an impact on differentiated myocytes. Diaphragm hypoplasia and reduced fiber size in the IGF-I knockout mouse, likely reflects negative influences on this signaling pathway (6) . It should be noted that amino acids might serve as signals for protein translation initiations independent of the PI3K/Akt/mTOR pathway (14) . Finally, translation can also be enhanced by phosphorylation and inactivation of glycogen synthase kinase-3 (GSK-3) by Akt to diminish its inhibitory effect on another initiation factor, eIF2B.
Post-translational protein modifications are important in producing a functional product.
A key modification that bestows functional and regulating properties as well as structural integrity is that of protein folding, which is assisted by molecular chaperones. A myriad of biochemical modifications can occur post-translationally. An important and common example is that of phosphorylation which endows functional activity to the protein. From a purist's viewpoint, mRNA abundance, while commonly used, is not a true measure of transcription. Other assays, such as nuclear run on, may be a more accurate determination. Further, mRNA abundance may not distinguish differences in transcriptional activity from issues related to mRNA stability etc. Nevertheless, this is a useful first approach. Apart from transcriptional regulatory influences during diaphragm development, the data reported in this paper, clearly suggests that several different posttranscriptional regulatory systems impact to generate the final protein product. In addition it should be emphasized, that when evaluating postnatal diaphragm development, one is dealing in a way with a 'moving target'. This is because major temporal changes in breathing pattern, chest mechanics and lung growth ensues, that impact significantly on the developing diaphragm, evoking mechanotransductive and other biochemical signals.
With this in mind, it is likely that the IGF system plays an important role. Indeed, several spliced gene variants are expressed locally in muscle to exert autocrine/paracrine effects.
This includes the constitutively expressed IGF-IEa (liver, muscle, other cells) and the 'inducible' mechano growth factor (IGF-IEb in rats; IGF-IEc in man). The latter could exert important effects along with the changing milieu of the diaphragm during postnatal development, as it can stimulate satellite cells, is stretch, exercise and muscle injury responsive, and can promote muscle anabolism (8) . Another confounder to consider, (as highlighted by the authors), are states of rapid change. This can result in co-expression of MHC isoforms with the production of hybrid fibers, which further compounds analysis of regulatory mechanisms. The latter may in part result from a bias towards synthesis of mature MHC isoforms along with the programmed degradation of developmental isoforms during rapid growth. The concept of "functional gene groupings" in the molecular regulation of individual muscle fibers is thus an attractive one (19) . The authors provide a solid database upon which to inspire future research.
Why would data evaluating mechanisms underlying MHC expression during development and rapid growth of the rat diaphragm, as reported by Geiger and coworkers (7), be important? An important clinical implication for better understanding such mechanisms, lies in the fact that during the process of muscle regeneration, MHC regulation and expression commonly mirrors or re-capitulates events during myogenesis, development and growth (3, 5) . It is, therefore, likely that diaphragm plasticity to various interventions or disease processes, share at least in part, common mechanisms.
